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Aqueous polyurethane dispersions based on polyether polyols of low monol content 



(57) Aqueous polyurethane dispersions prepared 
from chain extended polyurethane prepolymers which 
are the reaction product of a di- or polyisocyanate, a 
polyol component containing, in major part, a polyoxy- 
propylene diol having an unsaturation of 0.020 meq/g 



or less, and a reactive dispersing aid, are suitable for 
preparing polyurethane films with greater softness and 
elasticity than similar films prepared from PTMEG, and 
greater tensile strength and elasticity than polyoxypro- 
pylene diols having conventional levels of unsaturation. 
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Description 
Technical Field 



The present invention pertains to aqueous polyurethane dispersions (Iatices). More particularly, the present inven- 
tion pertains to aqueous polyurethane dispersions exhibiting unusually low hardness and high elasticity prepared from 
polyoxyalkylene polyols having low monol content. The polyurethane dispersions are suitable for forming flexible films 
and coatings. 



Background Art 



Polyurethane coatings are by now well known. For example, polyurethane varnishes exhibit excellent resistance 
to water and solvents, and are widely used in finishing articles of wood, metal, and plastic. However, such varnishes 
are solvent-borne, and the introduction of solvent into the air by evaporation is environmentally undesirable. Many 
states have enacted legislation limiting VOC (volatile organic compounds) emissions in industrial processes, and this 
ban has had an effect even on home use of such products. As a result, there is a great interest in solvent-free com- 
positions or aqueous compositions where only water is evolved upon drying. 

Aqueous polyurethane Iatices have beer developed which offer excellent film forming capabilities. Such Iatices 
are typically dispersions of polyurethane/ureas in water. Presently available polyurethane dispersions offer relatively 
long shelf life, but the range of hardness and flexibility is limited. For example, in textile applications, solvent-come 
polyurethane lacquers are still predominant, as aqueous dispersions have not provided the degree of softness and 
elasticity required to prepare textiles having aesthetic hand and drape. 

Polyurethane Iatices are generally prepared by the reaction of excess di- or polyisocyanate with a hydroxy (-func- 
tional polyol in the presence of reactive compounds capable of providing a degree of hydrophilic character to the 
prepolymer thus formed. The reactive compound may contain cationic or anionic groups or non-ionic hydrophilic groups 
such as polyoxyethylene groups. The prepolymer is then dispersed in water, either neat or dissolved in solvent. This 
dispersion is then reacted in situ with a chain extender, generally a diamine, triamine, or the like, to form a stable, 
aqueous polyurethane/urea latex. If solvent is utilized, it is then stripped off, leaving an aqueous dispersion. The charged 
or hydrophilic groups in the prepolymer are necessary in order to effect long term stability to the dispersion, which 
30 otherwise might settle or coagulate. 

Among the hydroxyl-functional polyols utilized to form the isocyanate-terminated polyurethane prepolymer, are 
polyester polyols such as polybutylene adipate and polycaprolactone diols, polyoxytetramethylene ether glycols (PT- 
MEG), polyoxyethylene diols and polyoxypropylene diols. If a minor degree of crosslinking is desired, a trifunctional 
polyol such as a trimethylolpropane or glycerine initiated polyoxyalkylene polyol may be added. Increased hardness 
may be achieved through addition of a low molecular weight glycol, for example ethylene glycol or neopentyl glycol 

Polyoxytetramethylene ether glycols (PTMEG) are preferred in some applications, as the cured films possess a 
desirable combination of properties, for example excellent hydrolytic stability and microbial resistance, in comparison 
to films prepared from similar molecular weight polyesters. PTMEG is, however, a premium cost raw material. Moreover, 
films formed even from PTMEG-based Iatices are deficient in flexibility and elongation for many applications. Poly- 
urethane Iatices have also been prepared from conventional polyoxypropylene diol-based prepolymers. However, films 
prepared from such prepolymers have inferior tensile strength and elongation, and have a tendency to be tacky in 
comparison to their PTMEG analogs. Applications of such polyurethane dispersions are therefore limited to uses where 
cost rather than performance is the driving factor. Thus, it would be desirable to be able to provide low cost polyurethane 
dispersions with flexibility, elongation, and other physical properties which equal or exceed those of Iatices based on 
4 & PTMEG derived prepolymers. 

Summary Of The Invention 



It has now been surprisingly discovered that polyurethane dispersions prepared from isocyanate-terminated pre- 
polymers derived from a polyol component comprising in major part one or more polyoxypropylene diols having an 
unsaturation of less than 0.02 meq/g polyol, and preferably less than 0.010 meq/g polyol, have exceptional physical 
properties as compared to otherwise similar Iatices where the polyol component is a conventional polyoxypropylene 
diol of higher unsaturation, or PTMEG. The Iatices of the subject invention extend the application of polyurethane 
dispersions into fields where their performance was previously inadequate. 

Brief Description Of The Drawings 

FIGURE 1 is a plot of percent elongation versus tensile strength for a film prepared from a polyurethane latex of 
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the subject invention and a film prepared from a polyurethane latex containing a PTMEGKterived polymer. 
Description of the Preferred Embodiments 

The polyurethane dispersions of the subject invention are prepared by conventional methods, preferably by the 
preparation of an isocyanate-terminated prepolymer containing hydrophilic dispersing groups followed by dispersion 
of the prepolymer into water A chain extending agent is then added to form a high solids, stable dispersion It is critical 
during prepolymer formation, to utilize as the polyoxypropylene diol, a low unsaturate polyoxypropylene diol havinq 
a low monol content. ' y 

By the term "polyurethane" is meant a polymer whose structure contains predominately urethane 

0 

II 

-[-NH-C-O-]- 

linkages between repeating units. Such linkages are formed by the addition reaction between an organic isocyanate 
group R-[-NCO] and an organic hydroxyl group [HO-J-R. In order to form a polymer, the organic isocyanate and hydroxy! 
group-containing compounds must be at least difunctional. However, as modernly understood, the term "polyurethane' 
.s not hmited to those polymers containing only urethane linkages, but includes polymers containing allophanate biuret 
carbodnmide, oxazolinyl, isocyanurate, uretidinedione, urea, and other linkages in addition to urethane The reactions 
of isocyanates which lead to these types of linkages are summarized in the POLYURETHANE HANDBOOK Gunter 
Vertel, Ed., Hanser Publishers, Munich, ©1985, in Chapter 2, p. 7-41; and in POLYURETHANES: CHEMISTRY AND 
TECHNOLOGY, J.H. Saunders and K.C. Frisch, Interscience Publishers, New York, 1963, Chapter III pp 63-118 In 
add rtI on to polyols (polyhydroxyl-containing monomers), the most common isocyanate-reactive monomers are amines 
and alkanolamines. In these cases, reaction of the amino group leads to urea linkages interspersed wrthin the poly- 
urethane structure. ' 

Polyoxypropylene polyols are conventionally prepared by the base-catalyzed oxypropylation of a suitable initiator 
molecule, in the case of polyoxypropylene diols generally by oxypropylation of a dihydroxy functional initiator such as 
ethy ene glycol, propylene glycol, 1,4-butane diol, or the like. The oxyalkylation proceeds together with a competing 
reaction/rearrangement to form allyloxy species which, upon oxyalkylation, in turn, form allyloxy-terminated polyoxy- 
propylene monols. The mechanismof this competing reaction is discussed in BLOCK AN D GRAFT POLYMERIZATION 
Vol. 2, Ceresa, Ed., John Wiley & Sons, on pages 17-21. As oxypropylation proceeds, the formation of myofunctional 
allylic spec.es increases. The reaction soon reaches the point where further increase in the molecular weight of the 
desired polyoxypropylene diol is outstripped by the formation of unsaturated monol. As a result, the practical upper 
im.t for polyoxypropylene polyol equivalent weight is approximately 2000 Da. At this equivalent weight the unsatura- 
te measured in accordance with ASTM D2849-69, "Testing Urethane Foam Polyol Raw Materials", indicates a monol 
content approaching 50 mole percent. The functionality of the polyoxypropylene diol is lowered from the theoretical 
value of 2 to values in the range of 1 .4 to 1 .6. 

The unsaturation, and hence monol content, can be lowered somewhat by lowering the oxypropylation reaction 
temperature and catalyst level. Unfortunately, the improvement is only marginal, and further results in increased process 
time significantly increasing the cost of the product. Catalysts other lhan traditional basic potassium or sodium hy- 
droxide or alkox.de catalysts have been proposed, with some improvement resulting therefrom. Use of catalysts such 
as the flammable and toxic diethylzinc, or combinations of metal naphthenates and tertiaiy amines have been used to 
lower unsaturation. However, the resulting polyols still have considerable monol content 

Recently, complex catalysts based on double metal cyanides (DMC) have been used to prepare low unsaturation 
polyols. Although the basic DMC catalysts were proposed in the 1960's, as evidenced by U S Patent No 3 427 256- 
?' 4 . 2 h 334 i «- 4 ^' 3 f ; 3,829 - 505: and 3 ' 941 ' 849 > the * commercial use has been thwarted by a number of problems 

Sf n /nM^ U Y f ata ' J f rem ° Val fr ° m 1he polyo1 product More r8cent| y< a'V™ complexes of zinc hexacyanoco- 
baltate (DMC -glyme), as .llustrated by U.S. Patent 5,158,922 have been used to prepare polyoxypropylene polyols 
wrth measured unsaturates in the range o10.015-0.018meq/g. Oxyalkylation in thepresenceof non-reactive slLs 
has been used to further lower the unsaturation, but the solvent must then be stripped from the product. Most recently 
/nMr^ tda\^T j~ ^'^ 4 ^^' novel, substantially amorphous f-butylalcohol complexes of zinc hexacyanocobaltate 
7 a»u ^ US6d 10 pr0duce P olvox ya"<ylene polyols with unsaturations in the range of 0003 to 0 007 
rS^S i U ? ra ," IO K W meaSUrable ""^ration implies a finite monol content, gel permeation chromatog- 
S„ hT P , V monodis P er se with no detectable lower molecular weight components which would be 

attributed to monol formation. 
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Numerous patents have addressed the use of higher molecular weight polyols to prepare polyurethanes. In such 
cases, the improvements are said to result either solely from the ability to provide higher molecular weight polyols of 
useful functionality, or additionally, the low monol content, the monol thought to react as "chain-stoppers" during poly- 
urethane addition polymerization. Illustrative examples of such patents are U.S. Patent Nos. 5,124,425, 5 100 997 
5,116,931, 5,250,582, 5,100,922, 5,300,535 and 4,239,879. However, none of these patents pertain to aqueous pofy- 
urethane latex. 

CP. Smith et al„ in "Thermoplastic Polyurethane Elastomers Made From High Molecular Weight Poly-L™ Polyols" 
POLYURETHANES WORLD CONGRESS 1991, September 24-26, 1991, pp. 313-318, discloses thermoplastic elas- 
tomers (TPU) prepared from polyoxyethylene capped polyoxypropylene diols with unsaturation in the range of 
0.014-0.018 meq/g. An additional example of low unsaturation polyols, in polyurethane cast elastomers, is given in 
"Comparison of the Dynamic Properties of Polyurethane Elastomers Based on Low Unsaturation Polyoxypropylene 
Glycols and Poly(tetramethylene oxide) Glycols", AT. Chen et a!., POLYURETHANES WORLD CONGRESS 1993 
October 10-13, 1993, pp. 388-399. Cited as positively influencing elastomer physical properties were the low monol 
content and low polydispersity of the c.a. 0.015 meq/g, DMC -glyme catalyzed polyols used. 

High molecular weight, low unsaturation polyols are not merely B drop-in n replacements for conventional polyols 
however. For example, use of a 10,000 Da low unsaturation triol in place of a conventional 5000 Datriol resulted in a 
polyurethane foam which was stiff and boardy rather than softer, as would be expected. Preparation of a soft foam 
based on the high molecular weight, low unsaturation polyol required changing the formulation in addition to adjusting 
the amount of isocyanate to maintain the same index. R.L. Mascioli, "Urethane Applications for Novel High Molecular 
Weight Polyols", 32ND ANNUAL POLYURETHANE TECHNICAL/MARKETING CONFERENCE, October 1-4, 1989 
In similar fashion, the 10,000 Da polyol produced elastomeric polyurethanes with greater hardness than conventionally 
catalyzed 5000 Da polyols, where softer elastomers would be expected. Thus, it is difficult to accurately predict what 
effect substitution of low unsaturation polyols for conventional polyols will have on the physical properties of poly- 
urethanes prepared from them. 

The polyoxypropylene diols of the subject invention have equivalent weights of from 1 000 Da to 8000 Da preferably 
1000 Da to 4000 Da, more preferably 1000 Da to 3000 Da, and most preferably 1000 Da to 2000 Da, and measured 
unsaturations less than 0.020 meq/g, preferably about 0.015 meq/g or less, more preferably less than 0 010 meq/g 
and most preferably in the range of 0.001 to 0.007 meq/g. Equivalent and molecular weights expressed in Daltons 
(Da) throughout this specification and the accompanying claims are number average equivalent and molecular weights 

Such polyoxypropylene polyols may be prepared by DMC -glyme catalysis, but preferably, by substantially amor- 
phous DMC -TBA catalysis. The actual method of catalysis is not important; the critical feature is the low unsaturation 
of less than 0.02 meq/g. 

The low unsaturation polyoxypropylene diols should comprise a major portion, i.e. greater than 50 weight percent 
preferably greater than 80 weight percent, of the polyol component used to prepare the isocyanate-terminated prepol- 
ymer, and substantially all of the total polyoxypropylene polyol portion of the polyol component should be a low un- 
saturation polyol such that the total polyol component unsaturation is less than 0.020 meq/g. By the term "polyol com- 
ponent" is meant that portion of the isocyanate-reactive ingredients which is exclusively hydroxy I -functional and is used 
to form the prepolymer, other than reactive dispersing aids. Thus, the polyol component may include minor amounts 
of hard-segment producing diols, for example, ethylene glycol, propylene glycol, 1,2- and 1 ,4-butanediol, 1 6-hexan- 
ediol, 1,4^cyclohexanediol, 1 ,4-cyclohexanedimethanol, 4,4'-dihydroxybiphenyl, hydroquinone, bisphenol A, bisphenol 
F, bisphenol S, neopentyl glycol, 2,2,4-trimethylpentanediol, and polyoxyalkylene oligomers with molecular weights of 
less than about 300 Da. Mixtures of these low molecular weight species may also be used. 

The polyol component may further include a minor amount of other high molecular weight diols such as polyester 
diols, polytetramethylene ether glycols (PTMEG), and the like, provided that any monol content of such diols is low, 
such that the total monol content of the polyol component is below that corresponding to a polyoxyalkylene polyol 
unsaturation of 0.020 meq/g, preferably below that corresponding to 0.010 meq/g. 

The isocyanates useful in the preparation of the subject polyurethane dispersions may, in general, be any organic 
di- or polyisocyanate, whether aliphatic or aromatic. However, preferred isocyanates are the commercially available 
isocyanates toluene diisocyanate (TDI), methylenediphenylene diisocyanate (MDI), and their alicyclic saturated ana- 
logs. Toluene diisocyanate is generally used as an 80:20 mixture of 2,4- and 2,6-TDI, although other mixtures such as 
the commercially available 65:35 mixture as well as the pure isomers are useful as well. Methylenediphenylene diiso- 
cyanate may also be used as a mixture of 2,4'-, 2,2'-, and 4,4'-MDI isomers. A wide variety of isomeric mixtures are 
commercially available. However, most preferable is 4,4'-MDI or this isomer containing minor amounts of the 2 4'- and 
2,2'-isomers. 

Preferred aliphatic isocyanates are the linear alkylene diisocyanates such as 1,6-diisocyanatohexane, 1,8-diiso- 
cyanatooctane, and linear diisocyanates having interspersed heteroatoms in the alkylene residue, such as bis(3-iso- 
cyanatopropyl)ether. More preferred aliphatic isocyanates are the various cycloaliphatic isocyanates such as those 
derived from hydrogenated aryldiamines such as toluene diamine and methylenedianiline. Examples are 1-methyl- 
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.h!t^ ya ? h V f fo^! ^"yl-^-diisocyanatccyclohexane; bis(4-isocyanatocyclohexyl)methane and 
the isomers thereof; 1 ,2-, 1 ,3-, and 1 ,4-bis(2-(2-i S ocyanato propyl))benzene; and isophorone diisocyanate 

Modified .socyanates based on TDI and MDI are also useful, and many are commercial^ available. To increase 
the storage stabilrty of MDI, for example, small quantities, generally less than one mole of an aliphatic glycol or modest 
molecular weight polyoxyalkylene glycol ortriol may be reacted with 2 moles of diisocyanate to form a urethane modified 
isocyanate. Also suitable are the well known carbodiimide, allophanate, uretonimine, biuret, and urea modified isocy- 
anates based on MDI or TDI. Mixtures of diisocyanates and modified diisocyanates may be used as well 

The isocyanate should be present in an amount sufficient to ensure isocyanate-termination of the prepolymer The 
inl°n, ,SO t h yan '° isoc y anate - reac,iv e g^Ps contained in the polyol component, dispersing aid component 

^ e "?«" e Componen ts preser,t duri "9 Prepolymer formation should, in general, range from 1 . 1 to 4, prot- 
erably 1.5 to 2.5, and more preferably 1 .5 to 2.2 on an equivalent basis. The resulting prepolymers should desirablv 

9r ° UP ! NCO> r Sn,S ° f bStWeen 1 and S W9i9ht P6rcent ' P re,erab| y ' »° P-° " based on 
the weight of the prepolymer. Prepolymer formation may be conducted neat or in non-reactive solvent, generally an 
aprotic water soluble or water miscible solvent such as dimethylformamide, N-methyl-2-pyrrolidone tetrahSan 
methylethylketone, acetone, and the like. For .ow VOC latices, the sofvent should be removed prior to o 

cata^d ?£T temp °?T S < be, ° W 150 ° Cl b6,Ween 50 and 130 ° C are ^ The ell Sy be 

catalyzed by known catalysts, for example tin(ll) octoate, dibutyltin dilaurate, dibutyltin diacetate, and the like in 

I™! 1 o3? °f? 0Ut 01 WSi9ht PerCent " PrS,erably 0 005 10 0 05 wei 9 ht P^cent based on he weigh oUhe 
prepolymer. Other catalysts are suitable as well. 

™ F a f able latex dispersion ' the P^polymer should contain one or more dispersing aids. The dispersing aid 
oT2S ™ ,Tk COmP ," Se a ,f f dlSPerSin9 aW ° r 3 miXlUre ° f one or more compatible dis P er sing aids, at least one 
fk^I™ £ r T t C,,Ve th W,,h ,he r^ 3 * 6 COmp ° nent ° r the po * 0 ' component, preferably the forme and is con 
S S ^ calculating the equ^a.ent ratio of NCO-groups to NCO-reactive groups. In general, for example, the use 
of both cationic and anionic group-containing dispersing aids is not recommended, as these groups may inter-react 
Z^fni rj I COa ?t ati ° n ' ,° r precipi,a,ion of ,he P re P°'ymer from the dispersion. Anionic and hydrophilic 
f«?S? P ,! EXamP ' eS ° f SUitab ' e ani0nic dispersin 9 aids ' preferab| y containing carboxylase or sul- 

NoTr^n' 3 !'^^ 38 fo° niC qUatema,y nitr ° 9en 9rOUpS 0r SUl,onium 9 roups - are di ^losed in U.S. Patent 

(COOH) where R represents an organic residue and x and y both represent values of 1-3. Examples include citric 
and tartanc acid. However, the preferred dispersing aids are a.a-dimethylola.kanoic acids such as a.iZSSu^ 
?™n ♦'" Partl t ° " a ' a - dirneth y'°'Propionic acid. Powers containing ionic groups or latent ionic groups and having 

and hydroxyethylacrylate or other hydroxyl-functional vinyl monomers 

groups may include ohgomeric polyoxymethylene groups or preferably, polyoxyethylene groups. Particularly preferred 
are monofunctional polyoxyethylene monols or copolymer monols based on ethylene oxide and propylene oxiSe^where 
a major portion of the oxyalkylene moieties are oxyethylene such that the monol as a whole is TSoSfc Other 
hydrophilic, non-,onic polymers containing isocyanate reactive groups are useful as well. When r^ro^ilkTmonolunc. 

such as the polymethylene po^phenylene polyisocyanates with functionalities between 2 and 2 4 Alternatively the 
,rrJn°r° Cy r te ? aV be lnCreaSed ^ minora .— * °f ^molecular weight, isocyanate ^SJJXS 
131 I ferine, trimethylolpropane, diethanolamine. triethanolamine and the like, genera J consiS- 
f 1, n P °' yUrett H ChGmiStry as cross-linking agents, may be added to counteract the chain blocking effect of mono- 
functional monols. However, addition of polyfunction^ species is known to sacrifice some properties 
innrIi!n? S H erS,n9 T^T" 1 ' containing one or more dispersing aids, may be added to the prepolymer-forming 
17 y T f0rmati ° n ' ,hUS beiP9 rand ° m ^ inc °rPorated into the prepolymer molecular structure 
^1 .h ^ W ' ng G , reaC " 0n °' ,hS * ° r Po'y^ocy^nate with the polyol component. Cross-linking agents 
asdescr.bed previously, may also be added simultaneously or subsequently. Alternatively when two ormored?spersina 

so S^*^^ 

a ds may be added during prepolymer formation with the remainder added following prepolymer formation Reqardless 

rea^e fun'cS? ** "* ^ ^ should ^ EjSZ 

,r,rZn 6 , P n P ° h ' ymer ,hUS f ° rmed may 66 diSp6rSed Wa,er by ar, y imam me,hod - f °r example by adding water with 
ss Serr W bW Pr6ferably ^ PrSPOlymer ' ^ - °~ * ~ 

' Hicn!I her b6f0re ° r aft6 L thG prepo| y mer has been dispersed, latent cationic or anionic groups, preferably anionic 
dispersing groups, are advantageously converted to the corresponding anion or cation for example conversbn S 
carboxylic acd groups to carboxylate groups. Conversion of carboxyHc acid groups ^o^Zg^Tytl 
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obtained by usinq mixtures of onh/amin** cJ. ^ ueiween a °out ^.o and 3. The desired functionalities can be 

(1) triamines, 

(2) equimolar mixtures of diamines and tetramines 

(3) mixtures of 1 and 2, or 

(4) any other suitable mixtures. 

Theseother S uitab,e mb c,ures f or obtaining ».d«Nd ft ^ lltart , ta ^^ teto- ^ ild|| 

general* aromatic, aliphaSal^^ * T™*" ^ ^ ^ are 

to 15 carbon atoms, and ^SabwTout^T^ 1 to 30 carbon at0ms ' P referab| y ab °uX 2 

stituents provided that I^^^^^^T ™' C ° ntain addrtional 8ub " 

of pofyamines for use t£ 

least two isocyanate-reac ?e aZo iZoen^ an J h- TT ^ '° W m °' eCUlar COm P ounds at 
tamine, pentaethylene ^ 

azinoethylj-ethylene diaml 

polyethylene imines, iminTspropyla™ gU a d ne te^T^^i r- b, ' S - (2 - pipera2in0e,hyl) - am ^' 
nobenzidine, 2A6-trfarnlnopyL^ N-(2-am,noethyl)-l ,3-propane diamine, 3,3'diami- 

N-bis-(6-amin 0 hexyl)aminTN^ 

'erred r^lyaminesXel -am ^ ^^^'-aminobenzyO-aniline. Pre- 

triamine, triethyiene tetram ine, tetraethy.ene^ *»™ ^ «ethy,ene 

numler "n^^ « «™«*n is dependent upon the 

prepolymer to the amino hydrage °s o the TolZZ' ^ ^° °' terminal isoc y ana,e 9™P S " *° 

tween about 1.0:0.8 and 7o 0 98 or a ^ZvalenTbal TI" 6 ™ ^ ^ 1 ° : °- 6 a " d P re,erab * be " 

much undesired reaction of the is^yanat a ot k, 8 Pactional amine will allow for too 

molecular weight and less han Xte Z^Z J^l T 6XCeSS may lead to P roducts <°w 

of these rati^aprimaryamnogoupTsc^ 

two events ol .amino ^^J^^^ZiZ^^^^^ 

« 09 ofSr^^ 

isge^e^ 

should be L than abou t 5 maon and 'pT^^eZi^, 0 ^ * ^ ^ ^ P3rtiC,e size 

the stability of the dispersed particle and also eads tn fh! ^ , ^ m ' Cr ° n - The Sma " particle size enha ^es 
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??,f, rt ' n £ ,rom thS SpiHt ° f ,hS invention - Suitab| e methods, for example, are disclosed in U.S. Patent Nos 4 408 008' 
4,507,430; 3,479,310; 4,183,836; and 3.238,010, which are herein incorporated by reference 

Having generally described this invention, a further understanding can be obtained by reference to certain specific 
examples which are provided herein for purposes of illustration only and are not intended to be limiting unless otherwise 
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Example 1 400 Da Polvo xypropylene Diol (Unsaturation = 0.005 eg / g ) 

An isocyanate-terminated prepolymer was prepared using the following formulation: 



PREPOLYMER FORMULATION " | 


MATERIALS 


Eq.Wt. 


Equivalents 


Weight (gs) 


4,4'-dicyclohexylmethane diisocyanate (Desmodur W) 


131.2 


0.5354 


70.24 


4000 Da polyoxypropylene diol (unsat. = 0.005 meq/g, OH# 28.5) 


1968 


0.0965 


189.89 


dimethylolpropionic acid (DM PA) 


67.1 


0.1466 


9.84 


N-methyi-2-pyrrolidone (NMP) 






30.00 


stannous octoate 






0.03 


Total Prepolymer Weight (gs) 






300.00 



The 4000 Da polyoxypropylene diol, DMPA, NMP and Desmodur W were charged to a 500 ml, 3-neck, roundbottom 
nMDf U rf^ 3 ,hermocou P |e - stirrer and nitr °9sn inlet. While stirring, the mixture was heated to 80°C until the 
DMPA solids dissolved and the mixture became homogeneous. The stannous octoate was then added and the tem- 
perature raised to 100'C. The components were reacted at 100'C for 7 hours forming an isocyanate-terminated pre- 
polymer with a calculated weight percent carboxylate content of 1.20 and an isocyanate (NCO) content of 3 81% 

N t °° = 1° 9%) - J" 6 PreP °' ymer W3S C °° led 10 8 °° C ' then 5 98 ^ <° 059 eVivalents) of Sh^ne wat 
addedto neutralize the carboxylate groups and stirred for about 10 minutes. The prepolymer viscosity was 1020 cps 

While stirring rapidly, 286 g of prepolymer at 80°C was added slowly over a 5 minute period into a 500 ml resin 
flask containing 309.5 g of deionized water at 50°C. 

An amine extender solution consisting of 6.88 g of ethylene diamine and 34.4 g of deionized water was added 
slow y over a 5 minute period. The resulting aqueous polyurethane/urea dispersion was heated at 50"C for 2 hours to 
react off any remaining free isocyanate. The dispersion was stable with a total calculated solids content of 40 8% and 
a viscosity of 18 cps at 25°C. 

toJZ^XZwrT °!T P,a .f USin9 3 20 m ' draWd0Wn bar The films were flashed off at room temperature and 
then heated to 80°C for 1 hour. The resulting films were clear and flexible. The films were removed by immersing in 

maS d tTi ^ d7 ^ ' eaSt 2 W6ekS ^ 23 ° C 5 ° % hUmid ' ty Pri ° r t0 teStin9 ' ThS fNm Pr0perties are sum 



Example 2 4000 Da Polvoxvoroo vlene Diol ( Unsaturation = Q.Q1S mea/a) 

45 desc^bed 3 in y Ex^Te r T ina1ed Prep0lymer WaS prepared usin9 ,he ,ollowin 9 formulation and following the procedure 



PREPOLYMER FORMULATION 



I MATERIALS 


Eq. Wt. 


Equivalents 


Weight (g) 


4,4'-dicyclohexylmethane diisocyanate (Desmodur W) 


131.2 


0.5380 


70.59 


4000 Da polyoxypropylene diol (unsat. = 0.015 meq/g, OH# 28.7) 


1968 


0.0969 


189.50 


dimethylolpropionic acid (DMPA) 


67.1 


0.1474 


9.89 


N-methyl-2-pyrrolidone (NMP) 






30.00 


stannous octoate 






0.03 


Total Prepolymer Weight (g) 






300.01 
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The isocyanate-terminated prepolymer had a calculated weight percent carboxylate content of 1 .20 and an isocv- 
anate (NCO) content of 3.88% (theoretical NCO = 4.11%). The prepolymer was cooled to 80»C then 6 01 g (0 059 
equivalents) of triethylamine was added to neutralize the carboxylate groups and stirred for about 1 0 minutes 

While stirring rapidly, 284.6 g of prepolymer at 80°C was added slowly over a 5 minute period into a 500 ml resin 
flask containing 308.0 g of deionized water at 50°C. 

An amine extender solution consisting of 6.98 g of ethylene diamine and 34.9 g of deionized water was added 
slowly over a 5 minute period. The resulting aqueous polyurethane/urea dispersion was heated at 50"C for 2 hours to 
react off any remaining free isocyanate. The dispersion was stable with a total calculated solids content of 40 7% 

Films were obtained using the procedure described in Example 1 . The resulting films were clear and flexible and 
the film properties are summarized in Table 1. 

Comparative Example A to Examples 1 and 2 ( 4 000 Da Polvoxypropylene DM (Unsaturation = 0 085 

An isocyanate-terminated prepolymer was prepared using the following formulation and the procedure described 
in Example 1 except that the components were reacted at 100°C for 8 hours. 



PREPOLYMER FORMULATION 


MATERIALS 


Eq. Wt. 


Equivalents 


Weight (g) 


4,4'-dicyclohexylmethane diisocyanate (Desmodur W) 


131.2 


0.5180 


67.96 


I 4000 Da polyoxypropylene diol (unsat. = 0.085 meq/g, OH# 27.2) 


2063 


0.0933 


192.49 


dimethylolpropionic acid (DMPA) 


67.1 


0.1419 


9.52 


N-methyl-2-pyrrolidone (NMP) 






30.00 


stannous octoate 






0.03 


Total Prepolymer Weight (g) 






300.00 



The resulting isocyanate-terminated prepolymer had a calculated weight percent carboxylate content of 1 16 and 
an isocyanate (NCO) content of 3.48% (theoretical NCO = 3.96%). The prepolymer was cooled to 80'C then 5 78 q 
(a057 equivalents) of triethylamine was added to neutralize the carboxylate groups and stirred for about 10 minutes 
The prepolymer viscosity was 940 cps at 80°C. 

While stirring rapidly, 258.5 g of prepolymer at 80°C was added slowly over a 5 minute period into a 500 ml resin 
flask containing 282.7 g of deionized water at 50°C. 

An amine extender solution consisting of 5.67 g of ethylene diamine and 28.4 g of deionized water was added 
slowly over a 5 minute period. The resulting aqueous polyurethane/urea dispersion was heated at 50°C for 2 hours to 
react off any remaining free isocyanate. The dispersion was stable with a total calculated solids content of 40 7% and 
a viscosity of 26 cps at 25°C. 

Films were obtained using the procedure described in Example 1 . The resulting films were slightly hazy The film 
properties are summarized in Table 1. <"«"»" 



TABLE 1 - 





FILM PROPERTIES | 




EXAMPLE 1 


EXAMPLE 2 


COMPARATIVE EXAMPLE 3 | 


Polyol Unsaturation, meg/g 


0.005 


0.015 


0.085 | 


Tensile Strength, psi 


3230 


2950 


1760 || 


100% Modulus, psi 


1260 


1090 


950 J 


| 300% Modulus, psi 


2300 


1910 


1690 


| Ultimate Elongation, % 


430 


460 


320 



of r^J ? T USG P ° ly0lS h3Ving l0W unsatura,i °n enables preparation of polyurethane latices capable 
of fonning films with vastly superior properties as compared to films formed from latices employing conventional polyols 
Al physical properties are increased. The higher tensile strength and elongation are particularly important where films 
will be subject to stress. Furthermore, the films prepared from low unsaturation polyoWerived polyurethane dispersions 
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were unexpectedly clear, while those prepared from similar formulations emptying conventions, poiyols were hazy. 
Eximple 3 4000 D» PolYOxypropy,^ fffof lUnertur.^ - n nn, mea/a) antl 



PREPOLYMER FORMULATION 




4000 Da polyoxypropylene diol (unsat. = 0.005 meq/g, QH # 28. 1 ) 
dimethylolpropionic acid (DMPA) 



Eq. Wt. 



111.1 



1999 



Equivalents 



0.5514 



0.0994 



Weight (g) 



61.26 



198.58 



N-methyl-2-pyrrolidone (NMP) 



67.1 



0.1510 



10.13 



stannous octoate 



30.00 



Total Prepolymer Weight (g) 



0.03 



300.00 



-t^N^ 

equ^alents) of triethylamine was adSi S "eZ^L ^r k P 7* olymer ^ to 8 °°C, then 6.16 g (0.060 
prepolymer viscosity was 680 cps aJSc Cafb ° Xy,ate 9r ° UpS a " d Stir ' 9d ,or about 10 The 

rnarSdrreT' 6 ^ ^ ^ ** Pr ° CedUre d6SCribed in Sample 1 . The fi,m properties are sum- 



TABLE 2 ■ 



FILM PROPERTIES II 




EXAMPLE 1 


EXAMPLE 3 


Diisocyanate 


Desmodur W 


IPDI 


Tensile Strength, psi 


3230 


4520 


100% Modulus, psi 


1260 


810 


300% Modulus, psi 


2300 


1540 


Ultimate Elongation, % 


430 


670 



Example 4 2000 Ha Pol ypropy l ene Diol fUn S „tur»ti„ n s oms m ^ 



in eCT^^ PfePOlymer ^ USin9 the f0,,0W ^ Nation and the procedure described 
| | - 



PREPOLYMER FORMULATION 



MATERIALS 

Isophorone diisocyanate (IPDI) 



Eq. Wt. 



Equivalents 



Weight (g) 

62.37 



131.2 



0.5614 



2000 Da polyoxypropylene diol (unsat. = 0.005 meq /g, OH# 52.8) 
dimethylolpropionic acid (DMPA) 



1062 



0.1871 



198.82 
8.79 



67.1 



0.1310 
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w 



15 



20 



25 



30 



35 



40 



45 



SO 



(continued) 




prepolyms, vSoosity was 1440 ccs a ^ " *" cartl "*«» 9t«ps and stined lor about 10 mtotss Tha 

n-SSSJf '"™ W8,e ^ *• *— - *-» 1 . 1* » lm p.op,^ a,a , m . 

Comparative Example B to F™ mole 4 2Q00 n „ Bn , 



>mec 



jsophorone diisocyanate (IPDI) 



MATERIALS 



PREPOLYMER FORMULAT ION" 



2000 I 



polyoxypropy lene 
dimethylolpropio nic acid (DMPA) 
-pyrrolidone (NMP) 



(unsat. = 0.030 meq/g, OH# 55.2) 



stannous octoate 



Total Prepoiymer Weight (g) 



Eq. Wt. 



131.2 



67.1 



Equivalents 



0.5804 



0.1935 



0.1354 



Weight (g) 



64.48 



196.40 
9.09 
30.00 



0.03 



300.00 



aqunralsnB) ol tralhyl am i„e „ a5 added to It T*™' """WH «, Ihen 494 g (0.048 
P'epoyma, vfccosit,, was 14 40 ops *" ca *°'1" a "> and stirred to, aPout ,0 mtoTes The 

JSiSJT " lmS - ^ - — «« *<»p,e The « ta proper,., are _ 



55 
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10 



15 



20 



25 



30 



35 






FILM PROPERTIES 




EXAMPLE 4 


COMPARATIVE EXAMPLE^ 


Polyol Unsaturation, mea/a 
Tensile Strength, psi 


0.005 
5930 


0.030 


100% Modulus, psi 


510 


4380 
570 


300% Modulus, psi 


1090 


1160 


Ultimate Elongation, % 


670 


640 



40 



45 



ExamoloSfHIgh Hardna** m, f 




equivalents) of triethylamine was added to neutralize h/rUn P r ? P ° lymer was a*** to 80'C, then 5.99 g (0 059 

While stirring rapid,y, 261.4 g of pr^Z T^C ^^ ab0Ut 10 m ™** 

flask containing 258.6 g of deionLd water aTsO'C ^ ° V9r 3 5 minu,e P eriod "*> a 500 ml resin 

react off any remaining free isocyanate. The ^k^Sni^a^ ,i, r T h ~ M * 5 °° C ,0r 2 hours to 
a viscosity of 1 450 cps at 25'C. b,e ^ a total calculated solids content of 39. 1 % and 



50 



SS 



EXAMPLE 5 1 


Pencil Hardness 




Tensile Strength, psi 


6410 


100% Modulus, psi 


3460 


| Ultimate Elongation, % 


250 



Example 6 

An isocyanafe-terminated prepolymer was prepared using the following formulation 



and the procedure described 
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in Example 1: 



10 



15 




20 



25 



30 



Comparative Fxamolo c m g ffr ff 



35 



40 



dimethylolpropip 



Equivalents 



0.4996 



Weight (g) 



65.54 



45 



50 



55 



".Ihane/™, fcp.^ ^ „ ^ ™ » ™» '.ma,n,„ 9 taw, g ^ r.JTo Z 
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polymer viscosity is 5000 cps at arc, ,he Upper processin 9 ,imit °" P*- 

Examp e c had a viscosity 0 f 9100 cps at eo'c TtonZ samel * Comparative 

viscosrty 0 f only 1350 cps. It should be noted that th^I^L^? 0 " 8 ' the prep0,ymer °» E * am P'* 6 had a 

10 Claims 

-■ *n ^,. KmmKa fa>mMm prepoVm9f i|)9 ^ ^ ^ 

b) a polyol component comprising in maior nan ,™ ? Prepolymer; 

prepolymer. gni percem to ab °"t 5 we.ght percent based on the weight of the 



75 



20 



avorago uneaiuiatai of less to! 0 .02 meo/g . "™° » to 3000 Da, sa.a polyol eomponeni hnfa, ,„ 

IS-Anaqueouspolyurethanedispersionwhereinthepolyurethanedisoersednh^ 

y ne ais P ersed Phase comprises the reaction product of • 

a) an aqueous dispersion as claimed in claim 12, with 

b) a cha.n extender reactive with said isocyanate-terminated prepolymer. 
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14. A dispersion as claimed in claim 13 wherein said dkn orein „ -a 

prior to reaction o, said prepo V mer ^sTc^ a ^roxya.kanoic acid and 

from said hydroxyalkanoic acid are neutralized ihTnf ' * POr " 0n ° f Carboxylic acid 9 rou P* derived 

carboxylic acid groups to carboxylate groups Z '" 9 eff8C,ive ,0 neu,ralize said portion of 

17.Adisper S ion aS c,ai m edinc,aim 16 wnereinsaiddi-orpoVamine C ompr^ 
1B.Apo, yU ret h ane film comprising the dried apueous dispersion of any one of c,ai ms1 3to 17 
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